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Although magnifying chromoendoscopy had been a reliable diagnostic tool, narrow-band imaging (NBI) has been developed in
Japan since 1999 and has now replaced the major role of chromoendoscopy because of its convenience and simplicity. In this
paper, we principally describe the efficacy of magnifying chromoendoscopy and magnifying colonoscopy with NBI for detection,
histological prediction, estimation of the depth of early colorectal cancer, and future prospects. Although some meta-analyses
have concluded that NBI is not superior to white light imaging for detection of adenomatous polyps in screening colonoscopy,
NBI with magnification colonoscopy is useful for histological prediction, or for estimating the depth of invasion. To standardize
these diagnostic strategies, we will focus on the NBI International Colorectal Endoscopic (NICE) classification proposed for use by
endoscopists with or without a magnifying endoscope. However, more prospective research is needed to prove that this classifica-
tion can be applied with satisfactory availability, feasibility, and reliability. In the future, NBI might contribute to the evaluation of
real-time histological prediction during colonoscopy, which has substantial benefits for both reducing the risk of polypectomy and
saving the cost of histological evaluation by resecting and discarding diminutive adenomatous polyps (resect and discard strategy).

1. Introduction

Narrow-band imaging (NBI) is a technique by which spectral
features are modified by narrowing the band width of spec-
tral transmittance using filters adjusted to the characteristics
of hemoglobin absorption [1–3]. Diagnosis based on angio-
gensis or vascular morphological change can be ideal for
early detection and diagnosis of neoplastic lesions, as angio-
genesis plays a critical role in the transition of premalignant
lesions in a hyperproliferative state to a malignant phenotype
[4–6]. By simply operating a button on the control panel
of the endoscope, NBI yields a unique image that empha-
sizes the pattern of capillaries (vessels), as well as the sur-
face of mucosal tissues. Because of its similarity to chro-
moendoscopy, NBI can be referred to as “optical/digital
chromoendoscopy.” The utility of NBI is enhanced when it
is employed with a magnifying endoscope providing low- to
high-power magnification (×80–100 maximum) utilizing a
one-touch electrical power system [7].

This paper highlights the efficacy of magnifying chro-
moendoscopy and NBI colonoscopy with/without optical

zoom magnification for diagnosis of colorectal lesions and
discusses future perspectives.

2. Magnifying Chromoendoscopy

2.1. When and How to Use Magnifying Chromoendoscopy.
Colorectal lesions are initially diagnosed by conventional-
view colonoscopy, and then, if possible, by magnifying view
and/or chromoendoscopy using indigo carmine. We rou-
tinely use a magnifying colonoscope because the insertion
technique and manipulation are similar to those for an ordi-
nary colonoscope [8]. In a prospective study, Konishi and
colleagues reported that insertion of a magnifying colon-
oscope into the cecum was achieved successfully in 97%
of cases, and that there were no significant differences in
the average time taken to reach the cecum or the average
total procedure time [9]. It might be argued that magnifying
endoscopy is difficult to learn, and in fact Togashi et al.
have reported that examination of 200 polyps was necessary
in order to achieve a sensitivity rate of 90% for neoplastic
lesions [10]. In 2012, Olympus Corp. produced a new
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Figure 1: Preparations for magnifying observation. (a, b) Pronase
MS. Washing of the target lesion surface can be done with 500 cc
of lukewarm water containing a packet of Pronase MS (20000 U).
(c) Indigo carmine (Daiichi Pharmaceutical Corp., Tokyo, Japan).
(d) The dye is a blue stain that accentuates the contours of a
lesion, providing a detailed view of its border and shape. The dye
is used as a 0.1–0.4% aqueous solution. (e) This solution is flushed
through the biopsy channel of the scope using a 20-cc syringe.
Generally, 3–5 cc is delivered in 5 s along with 15 cc of air. (f)
Crystal violet (Honzo Pharmaceutical Corp., Nagoya, Japan). The
dye is a vital stain and is preferentially taken up by the Lieberkuhn
gland openings (crypts), which appear as dots or pits. (g) A few
small drops of crystal violet in 0.05% solution are applied using a
nontraumatic catheter (Olympus 6233064; Olympus Optical Co.,
Ltd., Tokyo, Japan).

dual-focus endoscope capable of providing low- and med-
ium-power optical magnification views (×45 maximum)
automatically. It is anticipated that this endoscope will con-
siderably shorten the learning period for magnifying endo-
scopy.

When a colonoscopist intends to perform chromoen-
doscopy, 3–5 mL of an aqueous solution of dye is sprayed
onto the mucosa via the biopsy channel, along with 15 mL
of air, using a 20-cc syringe. Common dyes used for charac-
terization of the colorectum are indigo carmine as a contrast
stain (0.1–0.4%), and crystal violet (0.05%) and methylene
blue (0.1%) as absorptive stains. Although indigo carmine
and methylene blue are often used to screen for sporadic ade-
noma, crystal violet, as an absorptive stain, offers advantages
for patients with early invasive cancer or for detailed observa-
tion using a nontraumatic catheter after washing the lesion
with lukewarm water containing pronase (Pronase MS)
(Figures 1 and 2) [11].

Is it advisable to spray dye over the whole of the colon and
rectum to identify significant lesions? When should magni-
fication be employed? Certainly, pan-mucosal chromoen-
doscopy significantly increases the rate of detection of small
neoplastic and flat lesions, but this technique requires an
excessive volume of dye and a significantly prolonged pro-
cedure [12–16]. Therefore, colonoscopists use “selective”
chromoendoscopy only for further examination of any subtle

Figure 2: Nontraumatic, globular-tip catheter. This catheter is used
to remove mucus and to drop crystal violet solution onto the lesion.
Better positioning for magnifying observation can be obtained by
pushing and holding the surrounding mucosa.

mucosal irregularity detected during standard colonoscopy.
After a mucosal abnormality has been detected, target chro-
moendoscopy with magnification is indispensable for con-
firming the surface structure, perimeter shape, and mucosal
crypt (pit) pattern of the lesion in detail (Figure 3).

2.2. Classification and Clinical Usefulness of Magnifying
Chromoendoscopy. Kudo has proposed a gross classification
of pit patterns into 7 types. It has been suggested that type I
and II pit patterns are characteristic of nonneoplastic lesions
such as normal mucosa or hyperplastic polyps. However,
most lesions showing pattern types IIIS, IIIL, IV, and a subset
of VI are intramucosal neoplastic lesions such as adenoma
or intramucosal carcinoma. Lesions with a type VN pattern
and a subset of type VI suggest deep invasive carcinoma
(Figure 4) [7]. Because pit pattern classification is compli-
cated for nonskilled endoscopists, Fujii et al. have modified it
to a simpler form for clinical use. This clinical classification
of pit patterns includes 3 types (nonneoplastic, noninva-
sive, and invasive) for which corresponding treatments are
required (no treatment, endoscopic resection, and surgery,
resp.) (Figure 5) [11, 17]. The precise definitions of these
clinical pit patterns are as follows.

(1) Invasive pattern: irregular and distorted crypts in a
demarcated area, as is evident in Kudo’s type VN and
selected cases of VI (e.g., deep submucosal invasive
cancer).

(2) Noninvasive pattern: regular crypts with or without a
demarcated area, or irregular pits without a demar-
cated area, as is evident in Kudo’s type IIIS, IIIL, or
IV, or selected cases of VI (e.g., adenomatous polyps
and superficial submucosal invasive cancers).

(3) Nonneoplastic pattern: normal mucosa and star-
shaped crypts, as is evident in Kudo’s type I or II,
respectively (e.g., hyperplastic, juvenile, and inflam-
matory polyps).

We have conducted a prospective study to examine
whether magnification and/or indigo carmine dye-spraying
is more reliable than the conventional view for distinguishing
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Figure 3: Usefulness of indigo carmine. (a) Disruption of the mucosal fold and a slightly reddish area are observed, but the whole lesion is
unclear. (b) After spraying with indigo carmine dye, a 7 mm depressed lesion (0–II c) is identified clearly. (c) A slightly elevated lesion with
an obscure superficial vascular component is evident, but the whole lesion is not recognized. (d) A slightly elevated lesion measuring 18 mm
is obviously detected using indigo carmine.

nonneoplastic from neoplastic lesions of the colon and rec-
tum [18]. The overall diagnostic accuracy of magnification
in addition to chromoendoscopy using indigo carmine was
95.6%, being 10% and 5% more reliable than conventional
endoscopy and chromoendoscopy, respectively. In addition,
this method was significantly superior to conventional endo-
scopy and chromoendoscopy (P < 0.0001 and P = 0.0152).

Also, our recent large prospective series has demon-
strated that the clinical classification of pit patterns (as
invasive or noninvasive) is effective for differentiating intra-
mucosal or sm superficial invasion (<1000 μm) from sm deep
invasion (≥1000 μm). In that study, histopathology con-
firmed epithelial neoplasia in 99.4% of 4037 lesions with
a noninvasive pattern, and confirmed deep sm invasion in
86.5% of 178 lesions with an invasive pattern [19]. Further-
more, the calculated sensitivity, specificity, positive predictive
value, negative predictive value, and accuracy were 85.6%,
99.4%, 86.5%, 99.4%, and 98.8%, respectively.

Therefore, based on these results, we are able to conclude
that at present, a combination of magnifying colonoscopy
and chromoendoscopy is the one of the most reliable
methods for distinguishing nonneoplastic from neoplastic
lesions, as well as for estimating the depth of early colorectal
cancer.

3. Narrow-Band Imaging (NBI)

3.1. Detection. The colon and rectum are sites where neo-
plastic lesions occur most frequently. The National Polyp
Study Group in the USA has reported that resection of all
neoplastic polyps led to a 76–90% reduction in the incidence
of colorectal cancer and a subsequent 53% reduction in
mortality [22, 23]. Therefore, for prevention of colorectal
cancer, it is important to find and resect neoplastic lesions
as accurately as possible.

Neoplastic lesions are recognizable as a brownish area
using NBI without magnification, which emphasizes neo-
plastic angiogenesis. Is NBI without magnification more use-
ful for detecting neoplastic lesion than white light imaging
(WLI)? Uraoka et al. have reported that NBI is superior to
WLI (P = 0.046) for detection of flat and diminutive lesions
[24]. However, Rex and Helbig have reported that there is no
significant difference in the detection rate between NBI and
WLI (65% versus 67% P = 0.61) [25]. Previous studies of
the adenoma detection rate (ADR) have yielded conflicting
results. Recently, to evaluate the ADR, Ikematsu et al. con-
ducted a multicenter prospective trial in which 813 patients
were randomized to a primary NBI group (NBI-WLI) and
a primary WLI group (WLI-NBI) in the right-sided colon
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Figure 4: Pit pattern classification and invasive pattern.

using the tandem method [26]. They found that the ADR
for primary NBI and WLI was 42.3% and 42.5%, respect-
ively, and the difference was not significant. Furthermore,
three recent meta-analyses have concluded that NBI has no
superiority to WLI in terms of ADR [27–29]. Therefore it
can be concluded that the ADR for NBI is equivalent to that
for WLI, and that both can be used equally effectively for
screening colonoscopy.

3.2. Histological Prediction. In accordance with our previous
investigations, the microvascular architecture (capillary pat-
tern: CP) was classified into three types (CP types I, II,
and III), and CP type III lesions were further classified
into two groups: types IIIA and IIIB (Figure 6) [30–33].
Our observations demonstrated that assessment of CP by
magnifying NBI is useful for differentiating small color-
ectal nonneoplastic from neoplastic polyps (accuracy 95.3%,
sensitivity 96.4%, specificity 92.3%) and is highly accurate
for distinguishing low-grade dysplasia from high-grade dys-
plasia/invasive cancer (accuracy 95.5%, sensitivity 90.3%,
specificity 97.1%), and can thus be used to predict the histo-
pathology of colorectal neoplasia [31, 32]. Because magnify-
ing colonoscopy with NBI is convenient to use and as accu-
rate as magnifying colonoscopy, we principally use only mag-
nifying colonoscopy with NBI, and not chromoendoscopy,
to distinguish neoplastic from nonneoplastic polyps during
routine colonoscopy [34].

3.3. Estimation of the Depth of Early Colorectal Cancer. In
Japan, there is growing evidence to support the theory that
lesions with submucosal invasion limited to <1000 μm with-
out lymphovascular involvement and a poorly differentiated
component lack LN metastases [35–38] and can be cured
by endoscopic resection alone. The Paris endoscopic classi-
fication of superficial neoplastic lesions has also determined
1000 μm to be the cutoff limit between sm1 and sm2 [39]. It
is important to determine the vertical depth of invasion of
submucosal colorectal cancers prior to endoscopic resection,
because endoscopic resection of early colorectal cancer with
massive submucosal invasion carries a high risk of bleeding
and perforation.

Ikematsu and colleagues conducted a prospective study
to determine whether CP type IIIA/IIIB identified by magni-
fying NBI was effective for estimating the depth of invasion in
130 early colorectal neoplasms [33]. These included 15 ade-
nomas, 66 intramucosal cancers (pM), and 49 submucosal
cancers (pSM): 16 pSM superficial (pSM1) and 33 pSM deep
(pSM2-3) cancers. The sensitivity, specificity, and diagnostic
accuracy of CP type III for differentiating pM-ca or pSM1
(<1000 μm) from pSM2-3 (≥1000 μm) were 84.8%, 88.7%,
and 87.7%, respectively. The accuracy of CP type IIIA (NPV)
was 94.5% (86/91), and that for lesions of CP type IIIB (PPV)
was 71.8% (29/39). In their study, the rate of diagnostic
agreement among the three observers was good, without
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Figure 5: Cases of invasive pattern. (a) Endoscopic examination demonstrates a small (7 mm) flat elevated lesion in the sigmoid colon. (b)
Chromoscopy with indigo carmine demonstrates a definite central depression. (c) Magnification with crystal violet staining demonstrates
an invasive pattern in a demarcated area. Based on these findings, the tumor was diagnosed as an early colon cancer with deep submucosal
invasion, and surgical resection was recommended. Histopathological examination of the resected specimen demonstrated well differentiated
adenocarcinoma, invasive to the submucosa (sm deep; 4000 μm). (d) A sessile lesion Is(+IIc), 15 mm in diameter, identified in the
upper rectum. (e) Chromoscopy with indigo carmine: reddish change and slight depression are observed on the surface of the tumor.
(f) Magnification with crystal violet staining demonstrates an invasive pattern. Histopathological examination of the resected specimen
demonstrated well differentiated adenocarcinoma (sm deep; 4500 μm).
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Table 1: Comparison of endoscopic diagnosis of the depth of submucosal deeply invasive colon cancer.

Diagnostic method

Number of
adenoma,

m-ca#

sm-slight-ca##

Number of
sm deep-ca###

Overall
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(%)

Sensitivity
(%)
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(%)

PPV
(%)

NPV
(%)

Magnifying chromoendoscopy
(Invasive pattern)

4035 180 98.8 85.6 99.4 86.5 99.4

NBI with magnifying
colonoscopy (capillary pattern
classification)

97 33 87.7 84.8 88.7 71.8 94.5

Nonlifting sign 245 26 94.8 61.5 98.4 80.0 96.0
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Figure 7: Modified 3-step strategy of NBI colonoscopy.

significant variability (interobserver variability: κ = 0.68,
0.67, 0.72; intraobserver agreement: κ = 0.79, 0.76, 0.75).

Submucosal saline injection is another useful method for
estimating the depth of tumor invasion, not only when used
for endoscopic mucosal resection (EMR) but also as a simple
diagnostic tool for deeply invasive cancers. In Japan, Uno
and Munakata were the first to propose the “nonlifting sign”
in 1994, and considered it to be positive in cases where the
surrounding mucosa, but not the lesion, was elevated [40].
Although adenoma and intramucosal cancer are easily lifted
by submucosal injection of saline, deeply invasive cancer is
not lifted because of the presence of a desmoplastic reaction
and the invasive nature of the lesion (Table 1).

Considering the available evidence, we have suggested
a three-step strategy for management of colorectal lesions
using conventional colonoscopy, NBI colonoscopy, and chro-
moendoscopy (Figure 7). Chromoendoscopy is necessary in
cases where deep invasion of the lesion into the submucosal
layer is suspected, accounting for only 5% of all neoplastic
lesions.

3.4. International Collaboration on NBI Observation of
Colorectal Tumors: NBI International Colorectal Endoscopic
(NICE) Classification. In 2011, we proposed an interna-
tional classification system for conventional endoscopic
observation assisted by NBI, and for applying this system
to NBI magnifying observation (Table 2, Figure 8) [41].
When closely observing a colorectal lesion with the latest

high-resolution electronic endoscope, the pit-like pattern
on the surface is visible without the use of magnifying
endoscopy. The use of NBI allows enhanced structural visual-
ization, and hence the microvessels on the tumor surface can
be observed in addition to the pit-like pattern. In Western
countries, the magnifying endoscope is not widely used in
clinical practice [42]. Even in Japan, use of the magnifying
colonoscope in daily practice is still insufficiently widespread.
Against this background, we have devised a simple system
for categorical classification of colorectal tumors on the basis
of NBI observation either with or without use of a magni-
fying endoscope (NBI International Colorectal Endoscopic
[NICE] classification). We, along with endoscopists from
Western countries, have reviewed the NICE classification
system, and in 2012 some of our combined results were pub-
lished in Gastroenterology, [43]. The NICE classification sys-
tem is a simple categorical classification consisting of types
1–3 and based on three characteristics: (i) lesion color; (ii)
microvascular architecture; and (iii) surface pattern. Type 1 is
considered an index for hyperplastic lesions, type 2 an index
for adenoma or mucosal/SM scanty invasive carcinoma, and
type 3 an index for deeply SM-invasive carcinoma. To objec-
tively verify the clinical usefulness of the NICE classification,
an international collaborative effort has been launched by the
Colon Tumor NBI Interest Group (CTNIG), whose members
include Yasushi Sano (Japan), Shinji Tanaka (Japan), Dou-
glas K. Rex (USA), Roy M. Soetikno (USA), Thierry Ponchon
(France), and Brian P. Saunders (UK). The key advantage of
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Table 2: NICE classification.

Type 1 Type 2 Type 3

Color Same or lighter than background
Browner relative to background
(verify color arises from vessels)

Brown to dark brown relative to
background; sometimes patchy
whiter areas

Vessels None, or isolated lacy vessels may
be present coursing across the lesion

Brown vessels surrounding white
structures∗∗

Has area(s) of disrupted or missing
vessels

Surface pattern Dark or white spots of uniform size,
or homogeneous absence of pattern

Oval, tubular or branched white
structures∗∗ surrounded by brown
vessels

Amorphous or absent surface
pattern

Most likely pathology Hyperplastic Adenoma∗∗∗ Deep submucosalinvasive cancer

Treatment Followup Polypectomy/EMR/ESD Surgery
∗Can be applied using colonoscopes with/without optical (zoom) magnification.
∗∗These structures (regular or irregular) may represent the pits and the epithelium of the crypt opening.
∗∗∗Type 2 consists of Vienna classification types 3, 4 and superficial 5 (all adenomas with either low or high grade dysplasia, or with superficial submucosal
carcinoma). The presence of high grade dysplasia or superficial submucosal carcinoma may be suggested by an irregular vessel or surface pattern, and is often
associated with atypical morphology (e.g., depressed area).

Typical endoscopic findings of NICE classification

Type 1 Type 2 Type 3

Endoscopic 

findings

Figure 8: Figures to illustrate the NBI International Colorectal Endoscopic (NICE) classification.

the NICE classification is that it can be used by endoscopists
without a magnifying endoscope. Some validation studies of
the NICE classification have already been performed. Hewett
et al. have reported that nonneoplastic and neoplastic lesions
(NICE1 and NICE2) can be diagnostically differentiated
in real time with high confidence by skilled endoscopists,
achieving an accuracy of 89%, a sensitivity of 98%, and a
negative predictive value of 95% [41]. In a study employing
an endoscopic image library assessed by medical students,
Nakayama et al. have confirmed that the NICE classification
is valid for prediction of deep submucosal invasive carcinoma
(NICE2 and NICE3). Diagnoses after teaching achieved an
overall accuracy of 84.3% and an accuracy of 90.0%, high
confidence being achieved for half of all cases examined [42].

Table 3 shows the relationship between the NICE clas-
sification and major NBI magnifying classifications used in

Japan (Uraoka et al. [44, 45]/Hirata et al. [46]/Wada et al.
[47] classification). As can be seen, the NICE classification
has potential for use as a basic categorical classification of
lesions demonstrated by NBI magnifying endoscopy. As a
next step, we consider that it would be valuable to subclassify
NICE type 2 lesions on the basis of features revealed by
magnifying endoscopy to allow more detailed characteriza-
tion of colorectal intramucosal tumors and scantily invasive
carcinomas.

3.5. Resect and Discard Strategy. Resection of all adenoma-
tous polyps during colonoscopy has been the world standard
treatment since the National Polyp Study demonstrated that
colonoscopic resection of all adenomatous polyps reduced
both the incidence of and mortality due to colorectal cancer
[22, 23]. Up to now, all polyps have been routinely retrieved
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Table 3: NICE classification and Each NBI magnifying classification in Japan.

NICE clasification Type 1 Type 2 Type 3

Sano classification Type I Type II∼IIIA Type IIIB

Hiroshima classification Type A Type B∼C2 Type C3

Showa classification Faint pattern Dens/Network pattern irregular pattern Sparse pattern

Table 4: Performance of NBI without magnification for real-time assessment with high diagnostic confidence.

HC rate Accuracy Sensitivity Specificity PPV NPV

78% 92% 93% 88% 93% 82%

80% 95% 91% 93% 91% 95%

and submitted to pathology in view of the limited accuracy
of conventional white light colonoscopy (59–84%) for differ-
entiating neoplastic from nonneoplastic polyps [18, 34, 48–
51]. Although magnifying chromoendoscopy using the pit
pattern allows higher accuracy (85–96%) than conventional
endoscopy or chromoendoscopy for differentiating polyps,
the availability of both magnifying endoscopy and chro-
moendoscopy is unfortunately limited outside of Japan [18,
20, 50–52]. If it were possible to determine colorectal polyp
pathology by endoscopy alone, recto-sigmoid hyperplastic
polyps would be left in situ to reduce the risk of polypectomy,
and small adenomas would be resected and then discarded
to save the costs of histological evaluation. This concept,
proposed in the UK and US, has been referred to as the
“resect and discard” strategy, and has been limited to both
diminutive (1–5 mm: US, UK) or small (6–9 mm: UK)
polyps that appear histologically to have no malignant fea-
tures and can be differentiated clinically with a high degree of
confidence [21, 53]. Polyps for which diagnostic confidence
is low are resected and sent for pathologic examination.
The “resect and discard” strategy has considerable merits
in terms of histology cost-saving and is thus expected to
spread worldwide. However, discarding polyps without any
histologic examination have an attendant risk of missing
small invasive colorectal cancers that would normally be
treated surgically. Kudo et al. reported that the frequency of
small invasive cancers among all diminutive polyps (≤5 mm)
was 0.16% (24/14892), and that macroscopically most of
them were of the depressed type (22/24: 92%) [54]. Although
such small invasive cancers are infrequent, they would be
fatal if overlooked. Figure 9 shows two cases of small invasive
colorectal cancer. In order to find small invasive cancers, it is
important to detect any depressed area present in a lesion.

Currently, many endoscopic modalities are available,
including NBI, autofluence imaging, Fuji Intelligent Chromo
Endoscopy, i-scan, and so on. What kind of modality can best
determine colorectal polyp pathology endoscopically? The
American Society for Gastrointestinal Endoscopy (ASGE)
has suggested that the necessary thresholds of endoscopic
technology for accurate assessment of histology are >90%
agreement in determining postpolypectomy surveillance
intervals and a negative predictive value of ≥90% (when
used with high confidence) for recto-sigmoid polyps with
adenomatous histology [55]. Table 4 demonstrates the
performance of NBI without magnification for real-time

assessment with high diagnostic confidence in the USA
and UK [21, 53]. Both studies found that the accuracy
was over 90%, but the the negative predictive value was
82% (<90%) in the UK and 95% in the USA. The lower
negative predictive value in the UK study was explained by
histological misclassification and loss or damage to polyps
before histology. In both studies, the level of agreement in
determining postpolypectomy surveillance intervals was over
90%. NBI might therefore become a useful modality for
real-time assessment of the histology of diminutive polyps.
Recently, Hewett et al. reported that use of NBI together with
the NICE classification might also be useful, as the accuracy
was 89% and the negative predictive value was 95% with high
predictive value in real-time assessment [43]. However, more
prospective research is needed to prove that this classification
can be applied with satisfactory availability, feasibility, and
reliability.

4. Summary

NBI with magnification colonoscopy is useful for histological
prediction, and for estimating the depth of invasion of col-
orectal cancer. To standardize the diagnostic strategies cur-
rently available, the NICE classification would be helpful for
endoscopists irrespective of whether they have access to mag-
nifying endoscopy. However, more prospective research is
needed to prove that this international classification can be
applied with satisfactory availability, feasibility, and reliabi-
lity. In the near future, NBI might make a valuable contribu-
tion to real-time histological prediction during colonoscopy,
which would have substantial benefits for reducing both
the risk of polypectomy and the costs of histological evalu-
ation by allowing adenomatous polyps to be resected and
discarded.
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Figure 9: Two typical cases of small invasive colorectal cancer (≤5 mm). (A): (a) Conventional view: There is a small polyp (lesion size:
4 mm) located in the sigmoid colon. It is rather difficult to visualize any depressed area in this lesion. (b) NBI view: Magnification with NBI
clearly demarcates the margin of the depressed area. The vascular pattern is capillary pattern Type IIIB of the Sano classification, indicative
of deep invasion into the submucosa. The center of the depressed area has a dome-like appearance, and the macroscopic type is “0-I s + II c”,
which requires attention in view of its frequent deep invasion into the submucosa. (c) Crystal violet view: magnification with crystal violet
staining also demonstrates an invasive pattern and VN pits, strongly indicative of deep submucosal invasion. We decided to treat this lesion
surgically without endoscopic resection. (d) Pathological findings: well to moderately differentiated adenocarcinoma, pSM (3000–4000 μm),
ly(+), v(-), pN0. (B): (a) Conventional view: there is a small polyp (lesion size: 5 mm) located in the descending colon. It is difficult to
visualize any depressed area in this lesion. (b) NBI view: magnification with NBI clearly demonstrates a depressed area in the center of
this lesion. The vascular pattern in the lesion center is capillary pattern Type IIIB by the Sano classification, suggesting the possibility of
invasive cancer. Crystal violet staining is therefore required. (c) Crystal violet view: magnification with crystal violet staining demonstrates
an invasive pattern. Invasive cancer cannot be predicted with high confidence because the depressed area is small. This lesion was treated
by endoscopic mucosal resection for initial diagnosis, and later the patient underwent surgery. (d) Pathological findings: well differentiated
adenocarcinoma with scirrhous growth, pSM massive, VM(+), ly(+), EMR.



10 Diagnostic and Therapeutic Endoscopy

References

[1] Y. Sano, M. Kobayashi, Y. Hamamoto et al., “New diagnostic
method based on color imaging using narrow band imaging
(NBI) system for gastrointestinal tract,” Gastrointestinal Endo-
scopy, vol. 53, p. AB125, 2001.

[2] K. Gono, K. Yamazaki, N. Doguchi et al., “Endoscopic
observation of tissue by narrow-band illumination,” Optical
Review, vol. 10, pp. 1–5, 2003.

[3] K. Gono, T. Obi, M. Yamaguchi et al., “Appearance of en-
hanced tissue features in narrow-band endoscopic imaging,”
Journal of Biomedical Optics, vol. 9, no. 3, pp. 568–577, 2004.

[4] J. Folkman, “Tumor angiogenesis: therapeutic implications,”
The New England Journal of Medicine, vol. 285, no. 21, pp.
1182–1186, 1971.

[5] J. Folkman, K. Watson, D. Ingber, and D. Hanahan, “Induction
of angiogenesis during the transition from hyperplasia to neo-
plasia,” Nature, vol. 339, no. 6219, pp. 58–61, 1989.

[6] T. Aotake, C. D. Lu, Y. Chiba, R. Muraoka, and N. Tanigawa,
“Changes of angiogenesis and tumor cell apoptosis during col-
orectal carcinogenesis,” Clinical Cancer Research, vol. 5, no. 1,
pp. 135–142, 1999.

[7] S. E. Kudo, S. Tamura, T. Nakajima, H. O. Yamano, H. Kusaka,
and H. Watanabe, “Diagnosis of colorectal tumorous lesions
by magnifying endoscopy,” Gastrointestinal Endoscopy, vol. 44,
no. 1, pp. 8–14, 1996.

[8] T. Tonooka, Y. Sano, T. Fujii et al., “Adenocarcinoma in soli-
tary large hyperplastic polyp diagnosed by magnifying colono-
scope: report of a case,” Diseases of the Colon and Rectum, vol.
45, no. 10, pp. 1407–1411, 2002.

[9] K. Konishi, K. Kaneko, T. Kurahashi et al., “A comparison
of magnifying and nonmagnifying colonoscopy for diagnosis
of colorectal polyps: a prospective study,” Gastrointestinal
Endoscopy, vol. 57, no. 1, pp. 48–53, 2003.

[10] K. Togashi, F. Konishi, T. Ishizuka, T. Sato, S. Senba, and K.
Kanazawa, “Efficacy of magnifying endoscopy in the differ-
ential diagnosis of neoplastic and non-neoplastic polyps of the
large bowel,” Diseases of the Colon and Rectum, vol. 42, no. 12,
pp. 1602–1608, 1999.

[11] T. Fujii, R. T. Hasegawa, Y. Saitoh et al., “Chromoscopy during
colonoscopy,” Endoscopy, vol. 33, no. 12, pp. 1036–1041, 2001.

[12] A. Trecca, F. Gai, G. P. Di Lorenzo et al., “Conventional col-
onoscopy versus chromoendoscopy and magnifying endo-
scopy for the diagnosis of colorectal lesions: a comparative
prospective study in 995 patients,” Chirurgia Italiana, vol. 56,
no. 1, pp. 31–36, 2004.

[13] R. Kiesslich, M. Von Bergh, M. Hahn, G. Hermann, and M.
Jung, “Chromoendoscopy with indigocarmine improves the
detection of adenomatous and nonadenomatous lesions in the
colon,” Endoscopy, vol. 33, no. 12, pp. 1001–1006, 2001.

[14] D. P. Hurlstone, S. S. Cross, R. Slater, D. S. Sanders, and S.
Brown, “Detecting diminutive colorectal lesions at colono-
scopy: a randomised controlled trial of pan-colonic versus
targeted chromoscopy,” Gut, vol. 53, no. 3, pp. 376–380, 2004.

[15] J. C. Brooker, B. P. Saunders, S. G. Shah et al., “Total colonic
dye-spray increases the detection of diminutive adenomas
during routine colonoscopy: a randomized controlled trial,”
Gastrointestinal Endoscopy, vol. 56, no. 3, pp. 333–338, 2002.

[16] H. Mitooka, T. Fujimori, S. Maeda, and K. Nagasako, “Minute
flat depressed neoplastic lesions of the colon detected by con-
trast chromoscopy using an indigo carmine capsule,” Gastro-
intestinal Endoscopy, vol. 41, no. 5, pp. 453–459, 1995.

[17] Y. Saito, F. Emura, T. Matsuda et al., “Letter to the editor:
invasive pattern is an indication for surgical treatment,” Gut
Letters, March 2004.

[18] K. I. Fu, Y. Sano, S. Kato et al., “Chromoendoscopy using
indigo carmine dye spraying with magnifying observation is
the most reliable method for differential diagnosis between
non-neoplastic and neoplastic colorectal lesions: a prospective
study,” Endoscopy, vol. 36, no. 12, pp. 1089–1093, 2004.

[19] T. Matsuda, T. Fujii, Y. Saito et al., “Efficacy of the invasive/
non-invasive pattern by magnifying chromoendoscopy to
estimate the depth of invasion of early colorectal neoplasms,”
American Journal of Gastroenterology, vol. 103, no. 11, pp.
2700–2706, 2008.

[20] K. Togashi and F. Konishi, “Magnification chromo-colono-
scopy,” ANZ Journal of Surgery, vol. 76, no. 12, pp. 1101–1105,
2006.

[21] A. Ignjatovic, J. E. East, N. Suzuki, M. Vance, T. Guenther, and
B. P. Saunders, “Optical diagnosis of small colorectal polyps
at routine colonoscopy (Detect InSpect ChAracterise Resect
and Discard; DISCARD trial): a prospective cohort study,” The
Lancet Oncology, vol. 10, no. 12, pp. 1171–1178, 2009.

[22] S. J. Winawer, A. G. Zauber, M. N. Ho et al., “Prevention of
colorectal cancer by colonoscopic polypectomy. The National
Polyp Study Workgroup,” The New England Journal of Med-
icine, vol. 329, pp. 1977–1981, 1993.

[23] A. G. Zauber, S. J. Winawer, M. J. O’Brien et al., “Colonoscopic
polypectomy and long-term prevention of colorectal-cancer
deaths,” The New England Journal of Medicine, vol. 366, pp.
687–696, 2012.

[24] T. Uraoka, Y. Saito, T. Matsuda et al., “Detectability of colorec-
tal neoplastic lesions using a narrow-band imaging system: a
pilot study,” Journal of Gastroenterology and Hepatology, vol.
23, no. 12, pp. 1810–1815, 2008.

[25] D. K. Rex and C. C. Helbig, “High yields of small and
flat adenomas with high-definition colonoscopes using either
white light or narrow band imaging,” Gastroenterology, vol.
133, no. 1, pp. 42–47, 2007.

[26] H. Ikematus, Y. Saito, K. Kaneko et al., “The impact of narrow
band imaging for colon polyp detection: a multicenter rando-
mized controlled trial by tandem colonoscopy,” Journal of
Gastroenterology, vol. 47, no. 10, pp. 1099–1107, 2012.

[27] L. C. Sabbagh, L. Reveiz, S. de Aguiar et al., “Narrow-band
imaging does not improve detection of colorectal polyps when
compared to conventional colonoscopy: a randomized con-
trolled trial and meta-analysis of published studies,” BMC
Gastroenterology, vol. 11, p. 100, 2011.

[28] S. F. Pasha, J. A. Leighton, V. K. Sharma et al., “Comparison of
the yield and miss rate of narrow band imaging and white light
endoscopy in patients undergoing screening or suveillance
colonoscopy: a meta-analysis,” The American Journal of Gas-
troenterology, vol. 107, pp. 363–370, 2012.

[29] A. Nagorni, G. Bjelakovic, and B. Petrovic, “Narrow band
imaging versus conventional white light colonoscopy for the
detection of colorectal polyps,” Cochrane Database of Syste-
matic Reviews. In press.

[30] Y. Sano, F. Emura, and H. Ikematsu, “Narrow band imaging,”
in Colonoscopy: Principles and Practice, J. Waye, D. Rex, and C.
Williams, Eds., pp. 514–526, Blackwell, Oxford, UK, 2009.

[31] Y. Sano, H. Ikematsu, K. I. Fu et al., “Meshed capillary vessels
by use of narrow-band imaging for differential diagnosis of
small colorectal polyps,” Gastrointestinal Endoscopy, vol. 69,
no. 2, pp. 278–283, 2009.

[32] A. Katagiri, K. I. Fu, Y. Sano et al., “Narrow band imaging with
magnifying colonoscopy as diagnostic tool for predicting his-
tology of early colorectal neoplasia,” Alimentary Pharmacology
and Therapeutics, vol. 27, no. 12, pp. 1269–1274, 2008.

[33] H. Ikematsu, T. Matsuda, F. Emura et al., “Efficacy of capillary
pattern type IIIA/IIIB by magnifying narrow band imaging for



Diagnostic and Therapeutic Endoscopy 11

estimating depth of invasion of early colorectal neoplasms,”
BMC Gastroenterology, vol. 10, p. 33, 2010.

[34] H. Machida, Y. Sano, Y. Hamamoto et al., “Narrow-band
imaging in the diagnosis of colorectal mucosal lesions: a pilot
study,” Endoscopy, vol. 36, no. 12, pp. 1094–1098, 2004.

[35] S. Tanaka, K. Haruma, C. R. Teixeira et al., “Endoscopic treat-
ment of submucosal invasive colorectal carcinoma with special
reference to risk factors for lymph node metastasis,” Journal of
Gastroenterology, vol. 30, no. 6, pp. 710–717, 1995.

[36] O. Tsuruta, A. Toyonaga, H. Ikeda, K. Tanikawa, and M.
Morimatsu, “Clinicopathological study of superficial-type
invasive carcinoma of the colorectum: special reference to
lymph node metastasis,” International Journal of Oncology, vol.
10, no. 5, pp. 1003–1008, 1997.

[37] M. Nishi and F. Moriyasu, “Clinicopathological study for reev-
aluation of the depth of submucosal invasion and histological
classification of early colorectal cancer,” Japanese Journal of
Gastroenterology, vol. 99, no. 7, pp. 769–778, 2002.

[38] K. Kitajima, T. Fujimori, S. Fuji et al., “Correlations between
lymph node metastasis and depth of submucosal invasion
in submucosal invasive colorectal carcinoma: a Japanese col-
laborative study,” Journal of Gastroenterology, vol. 39, no. 6, pp.
534–543, 2004.

[39] Participants in the Paris Workshop, “The Paris endoscopic
classification of superficial neoplastic lesions: esophagus, sto-
mach, and colon,” Gastrointestinal Endoscopy, vol. 58, supple-
ment 6, pp. S3–S43, 2002.

[40] Y. Uno and A. Munakata, “The non-lifting sign of invasive
colon cancer,” Gastrointestinal Endoscopy, vol. 40, no. 4, pp.
485–489, 1994.

[41] S. Tanaka and Y. Sano, “Aim to unify the narrow band imaging
(NBI) magnifying classification for colorectal tumors: current
status in Japan from a summary of the consensus symposium
in the 79th annual meeting of the Japan gastroenterological
endoscopy society,” Digestive Endoscopy, vol. 23, supplement
1, pp. 131–139, 2011.

[42] Z. H. Henry, P. Yeaton, V. M. Shami et al., “Meshed capillary
vessels found on narrow-band imaging without optical mag-
nification effectively identifies colorectal neoplasia: a North
American validation of the Japanese experience,” Gastroin-
testinal Endoscopy, vol. 72, no. 1, pp. 118–126, 2010.

[43] D. G. Hewett, T. Kaltenbach, D. K. Rex et al., “Validation
of a simple classification system for endoscopic diagnosis of
small colorectal polyps using narrow-band imaging,” Gastro-
enterology, vol. 143, no. 3, pp. 599–607, 2012.

[44] T. Uraoka, Y. Saito, H. Ikematsu, K. Yamamoto, and Y. Sano,
“Sano’s capillary pattern classification for narrow-band imag-
ing of early colorectal lesions,” Digestive Endoscopy, vol. 23,
supplement 1, pp. 112–115, 2011.

[45] N. Kobayashi, Y. Saito, Y. Sano et al., “Determining the treat-
ment strategy for colorectal neoplastic lesions: endoscopic
assessment or the non-lifting sign for diagnosing invasion
depth?” Endoscopy, vol. 39, no. 8, pp. 701–705, 2007.

[46] M. Hirata, S. Tanaka, S. Oka et al., “Evaluation of microvessels
in colorectal tumors by narrow band imaging magnification,”
Gastrointestinal Endoscopy, vol. 66, no. 5, pp. 945–952, 2007.

[47] Y. Wada, S. E. Kudo, H. Kashida et al., “Diagnosis of colorectal
lesions with the magnifying narrow-band imaging system,”
Gastrointestinal Endoscopy, vol. 70, no. 3, pp. 522–531, 2009.

[48] M. Y. Su, C. M. Hsu, Y. P. Ho, P. C. Chen, C. J. Lin, and
C. T. Chiu, “Comparative study of conventional colonoscopy,
chromoendoscopy, and narrow-band imaging systems in
differential diagnosis of neoplastic and nonneoplastic colonic
polyps,” American Journal of Gastroenterology, vol. 101, no. 12,
pp. 2711–2716, 2006.

[49] D. Apel, R. Jakobs, D. Schilling et al., “Accuracy of high-resol-
ution chromoendoscopy in prediction of histologic findings in
diminutive lesions of the rectosigmoid,” Gastrointestinal Endo-
scopy, vol. 63, no. 6, pp. 824–828, 2006.

[50] J. J. W. Tischendorf, H. E. Wasmuth, A. Koch, H. Hecker,
C. Trautwein, and R. Winograd, “Value of magnifying chro-
moendoscopy and narrow band imaging (NBI) in classifying
colorectal polyps: a prospective controlled study,” Endoscopy,
vol. 39, no. 12, pp. 1092–1096, 2007.

[51] G. D. De Palma, M. Rega, S. Masone et al., “Conventional col-
onoscopy and magnified chromoendoscopy for the endosco-
pic histological prediction of diminutive colorectal polyps: a
single operator study,” World Journal of Gastroenterology, vol.
12, no. 15, pp. 2402–2405, 2006.

[52] K. Konishi, K. Kaneko, T. Kurahashi et al., “A comparison of
magnifying and nonmagnifying colonoscopy for diagnosis of
colorectal polyps: a prospective study,” Gastrointestinal Endo-
scopy, vol. 57, no. 1, pp. 48–53, 2003.

[53] D. K. Rex, “Narrow-band imaging without optical magnifica-
tion for histologic analysis of colorectal polyps,” Gastroenterol-
ogy, vol. 136, no. 4, pp. 1174–1181, 2009.

[54] S. Kudo, R. Lambert, P. D. Hurlstone et al., “Nonpolypoid
neoplastic lesions of the colorectal mucosa,” Gastrointestinal
Endoscopy, vol. 68, pp. S3–S47, 2008.

[55] D. K. Rex, C. Kahi, M. O’Brien et al., “The American Soci-
ety for Gastrointestinal Endoscopy PIVI (Preservation and
Incorporation of Valuable Endoscopic Innovations) on real-
time endoscopic assessment of the histology of diminutive col-
orectal polyps,” Gastrointestinal Endoscopy, vol. 73, no. 3, pp.
419–422, 2011.


	Introduction
	Magnifying Chromoendoscopy
	When and How to Use Magnifying Chromoendoscopy
	Classification and Clinical Usefulness of Magnifying Chromoendoscopy

	Narrow-Band Imaging (NBI)
	Detection
	Histological Prediction
	Estimation of the Depth of Early Colorectal Cancer
	International Collaboration on NBI Observation of Colorectal Tumors: NBI International Colorectal Endoscopic (NICE) Classification
	Resect and Discard Strategy

	Summary
	Conflict of Interests
	Disclosure
	References

